Dopamine oxidation has been previously demonstrated to cause dysfunction in mitochondrial respiration and membrane permeability, possibly related to covalent modification of critical proteins by the reactive dopamine quinone. However, specific mitochondrial protein targets have not been identified. In this study, we utilized proteomic techniques to identify proteins directly conjugated with 14 C-dopamine from isolated rat brain mitochondria exposed to radiolabeled dopamine quinone (150 μM) and differentiated SH-SY5Y cells treated with 14 C-dopamine (150 μM). We observed a subset of rat brain mitochondrial proteins that were covalently modified by 14 C-dopamine, including chaperonin, ubiquinol-cytochrome c reductase core protein 1, glucose regulated protein 75/mitochondrial HSP70/mortalin, mitofilin, and mitochondrial creatine kinase. We also found the Parkinson's disease associated proteins ubiquitin carboxy-terminal hydrolase L1 and DJ-1 to be covalently modified by dopamine in both brain mitochondrial preparations and SH-SY5Y cells. The susceptibility of the identified proteins to covalent modification by dopamine may carry implications for their role in the vulnerability of dopaminergic neurons in Parkinson's disease pathogenesis.
Introduction
Mitochondrial dysfunction and oxidative stress have been implicated in the pathogenesis of neurodegenerative diseases, including Parkinson's disease (PD) (Beal, 2007; Halliwell, 2001; Halliwell, 2006; Jenner, 2003; Schapira, 2008) . PD is a progressive disorder, pathologically characterized by the loss of pigmented dopaminergic neurons in substantia nigra (SN), and the formation of proteinaceous cytoplasmic inclusions called Lewy bodies (Samii et al., 2004) . Though other brain regions are known to be involved in PD, the degeneration of the nigrostriatal dopaminergic neurons combined with the increased oxidative stress observed in PD suggests the neurotransmitter dopamine (DA) may be contributing to disease progression (Greenamyre and Hastings, 2004; Ogawa et al., 2005; Stokes et al., 1999) .
Normal DA metabolism can lead to the production of reactive oxygen species (ROS). If not adequately stored in vesicles, DA is also prone to auto-or enzymatic oxidation in the cellular environment, leading to the formation of reactive DA quinone (DAQ) and additional ROS (Graham et al., 1978; Hastings, 1995) . The electron deficient DAQ is readily susceptible to attack by cellular nucleophiles, predominantly reduced sulfhydryls abundantly found in cells on reduced glutathione, free cysteine, and cysteinyl residues of proteins (Tse et al., 1976) . The interaction of protein with reactive DA metabolites will result in either covalent binding of thiols by DAQ to form 5-cysteinyl-DA, or oxidation of protein sulfhydryl groups (Graham et al., 1978; Hastings et al., 1996; Ito et al., 1988) . Many vital cellular and mitochondrial proteins contain cysteine residues whose redox states are critical for function. Thus, DA-induced oxidative modifications, which may alter protein structure as well as function, could have detrimental effects on the cell (Berman and Hastings, 1999; LaVoie and Hastings, 1999; Premkumar and Simantov, 2002) .
DA-induced toxicity has been demonstrated both in vitro in cell culture (Ben-Shachar et al., 2004; Jones et al., 2000; Koshimura et al., 2000; Lai and Yu, 1997; Offen et al., 1996) and in vivo (Hastings et al., 1996; Rabinovic et al., 2000) , where toxicity to DA terminals was correlated to the amount of DA oxidation and modification of proteins (Hastings et al., 1996) . DA and DAQ exposures also altered mitochondrial respiration in isolated intact rat brain mitochondria (Berman and Hastings, 1999; Cohen et al., 1997; Gluck et al., 2002) and triggered permeability transition (Berman and Hastings, 1999) , suggesting modification of critical proteins. 
